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Abstract of TW 430758 (B) 

A method for controlling a chemical reactor such as a gas-phase reactor using a non-linear predictive control includes steps 
for generating a plurality of signals representing a current state of the chemical reactor and reflecting a respective constituent 
of reactants in the chemical reactor, calculating a future state of the chemical reactor responsive to said plurality of signals 
and referenced to mass hold-up of the reactants in the chemical reactor, and controlling at least one parameter related to the 
chemical reactor so as to control the future state of the chemical reactor. Spurious control events due to noise in sensor or 
controller output signals are preferably minimized by filtering these signals using a N-sign filter subroutine. 
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it - #L # iH. $ K # S-J # t ^ ft iS ^ teffctt^-^ifcfeFILtt 
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it a m .j* > «4 iftits* • / 

i&mtomji&/$L&fiL^m#}&-t~&& j ?-m » a. # & ^ ^ 

« £ tr &. & #i #L St A ' ft#^l*&.£4frtt*fc£fe.j& - 5 
^ * - # # £ ^ j P ,j »tJL£tt^d£*t#4feifca*ifc#*i 

it J'J ft <J> ° 

4k *f _t UL 60 -fe ^ g ^ , oj- 7 #p. ,j& $ — ft & %i it ^ J& m. 

60 7T & > *h -Sjs # A A ' JL # ^ * *fe *» 1ft ' JL A JBL Ji i£ 

ft *fe It - «■ «S 60 4& #. it m W & % *k A ' rfi £ a «j _h 

ff * ° 

* ^ 6<r 3 60 # it. i& - * j6l a 4s *f * »' & faff it *E £L 

& n ao * ii «i ft & «t £ ° ft # * # ^ 60 «t it a & > ^ a & 
f'J * # & tfe it * acj ft & i^. ^ *j # ^ , ttftftjta & f'J it 

f'J it ft ° 

- tJSai-J^* ' £• £ & tgt £ jft o £ ^ £ ,«i 

6^ # t > -t & f # ± * -f- flf Ht ' $■ m so a a *H ^ 

* # m # ^ # ^ «t £ x& 6^ x # r * & 6^ & * # ' m at ft 

# H2/C2 tb^^a tt 'fe # it M ft ^ ■« <^ # *• * ^ 60 it if S 

att^^^^-st - at $$. ^ $ m 60 % - it m & ' ^ -ft ^ 
ti^tt ft ^ % m a m ^ * *t © a » 

* «■ a ^ 60 ^ - n 60 # 4% & - A JS M *j ^ ?* » ^ ft fl? ^ ^fc 

+ #^^t^^^^^#!i60^^iit ' m a. n it m n s& x 
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i - 4£Wil*X ( 12 ) 

* m m ' fcfe W #i tstn & & ' J& a 4$ *I ^ * jfc # * 

JiidL*IHJi*.^:^&.jti^^fi<j^^ if. *r A # lit PIDfe ft| $ ft 4l J 
*l T ^ PO - * & • ■ f 
* «■ a/I # j? - § ^ 1 1 E 1 ill- at ^ ft #*«<rA«ii*j I £ 

it ft t St £ ° * & *• * fl fl <ft «t ^ ^ , N ft ft <& j)jt If ( N 

j^J£-^*t)*^4a*i«&60Ntf: ' * «■ £ fr ft > jl n tit 

* =fr £ ^ #J J£ it » iij ft ^ it * # ft >f* ffj o £ JL 4. , g. j£ N 
ft ft $ St H (N=3)fl5 & it & S. f? »] > & « £ Jifc & T T * fll 
^ & # A if ft ' * £ #t ^ #: X > jL#|fr/v'tfcitgL§E 
B# » * 3£ ift *fr * -ft ft - 

& ± it ft .31 - ifc £ it a ft ft ' « * >\± tij n a it « #. + 



# *4 85- 



*.«-^^^-«t<tH^A*l:^-ffl^i*jJt-^^fr ft w 

Jl « *l * * ' * t it f 'I & ffl 3t # £ iL *t ^ $ - & e t 

if ft 6<7 ft 1H, ' JL f ^ £ ; £ |§ ft £ ^ ft &^ ^ ^ ^ ^ ^ * 
i 2£ ;)t » « £ ^ £ , ©itbl^AiffttT^^^^^^ 

in ° 
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-5. * *#tf£.»8 ( 13 ) 

*j ^- ?£- ' * t *r ^ )A n a & 4t ft ^ fa ^ ^ ^ ^ pa 

M. ft £ ( £ * ) 0 

* ft ffi # & *£ fl m-J & M if A it M it S£ JL m H tfj if * > M 

* & ^ T *'] # '* : 

# it # JL M B t ft * & & & ft If * & * ' if # ft & 
& if w * *. *t & ' l T^«^'lfinritJ.±Ey J * ! « 

& *J & -ft ft '*t + J. ^ - ^ » ©AT *M ik it 4 M Ji 
9^ £ *t ,1 - 

# ^ ¥j it # jsl it ^ a #j > # at jsl ft is # - * ft 

ffil # *4 -ft m m #»J 2r £ & *J ft * jSL & 33- 3f * » ik 7T ;* & 

i T f 'J f f = 

^^^w*.7Fft*A.Ais^«,^^3£^fr«: » jl & & it 

* & & » t & A *l ^ #i #j ^ # : 

£ £ *r m it it 3t t it # ^ £ « -ft St ft & sft. It ffe - « eej & 

s, -y 3 m W & &itm » & - a a <ft # & «t ' a it «t ^ ^ 

4- & 3 -flu #7 ^ *fc- # » ; 

if 3g . EI ^ M at -ft * t i 

^ - it ft ' m -ft ft t ^ If it # W it Sfe ' MM M ik it & 
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B7 

JL » ( 14 ) 



A It Ad ,R. & M tfl 3& # 4£ St it 4t ^ : tt 2L 

feMtiff tti^- J I ' S jft. *T ft *J it lb * A. & H 
*. #t $ ° 

' & t ;2S ^ * IIUfT^ • 
f3 - SIGN [X(t) - Xf(t-3)]*1.0 
f2 = SIGN [X(t-l) - Xf(t-3)]*l.O 
fl - SIGN [X(t-2) - Xf(t-3)]*1.0 
fsum = fl+f2+f3 
FAC = (ABS (fsum)/3) z 

Xf(t) = Xf(t-l) + FIL*FAC*{X(t)-Xf(t-l)} 
& t X(t)= 8# m J% ht) ft -kk *t # S£ 3l Xf(t)= # rfl B# ft & & it 

It » 

^&Wtft£.*£^$rtiL#l%tfl ' # #. 21 ffc ft # ft 4* - # ffl 

^i*it«r^^ft3Li4^s^a^aife^* » * + ^ & ft 

* *<r ^ % * ^- * m it *'J * - *tiJ4* * A & -ft T 

FACTOR4 = MIN A, ABS f XfO-XffM) I ) 
V DBAND / 

FACTOR3 = MIN (l, ABS [ Xft-l)-Xf(t-4) ] \ 
\ DBAND / 

FACTO 112 = MIN (l, ABSl XfMVXff^ 
\ DBAND / 

FACTOR 1 = MIN ft, ABS \ X(t-3)-Xfft-4) ] \ 
I DBAND / 
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3L > ( 15 ) 

f4 - SIGN [X(t) - Xf(t-4)]*FACTOR4 
f3 = SIGN [X(t-I) - Xf(t-4)]*FACTOR3 
f2 - SIGN [X(t-2) Xf(t-4)]*FACTOR2 
fi = SIGN [X(t-3) - Xf(t-4)]*FACTORl 
fsum = INT (ABS (fl+f2+f3+f4)) 
FAC - ^ ABS ( fsum ^ z 

xsxo - xm ± xrt-n ± xn-?i ± xr>-^n 

4 

Xf(t) = Xf(t-I) + FIL*FAC*{XS(t) - Xf(t-l)} ' 
& t X(t)= ^M^^w^lt^ftS. Xf(t)= b# W # ft & 

* W ft it * A & ^ g ft > # «fc ft ft if- 4t «■ - * ffl 
**- $ at ^ ^ -ft ft a A ± -f- St -ft ft so ft at * * ' & t ft 
ft t <tfr Tp. £ # *i it *J *. <b ' * t & **. * * A *t *r T ^ : 

FACTORS - MIN A, ADS I X(t>-Xfft-5^ ] \ 
\ DBAND J 

I-AC10K4 = MIN fl, ABS_ [X((-l)-Xfft-5)i \ 
\ DBAND / 

FACTOR3 = MIN (\, ABS [ X(t-2)-Xf(t-5) V 
\ DBAND 



FACTOK2 = MIN (l, ABS f XfL-3)-Xfft-S) J] 
\ DBAND / 

FACTOR! = MIN (\ , ABS f X(t-4)-Xf(L-5) ] \ 
\ DBAND / 



DBAND 



f5 = SIGN [X(t) - Xf(t-5)]*FACTOR5 
f4 = SIGN [X(t-l) - Xf(t-5)]*FACTOR4 
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f3 = SIGN [X(t-2) - Xf(t-5)]*FACTOR3 
f2 = SIGN [X(t-3) - Xf(t-5)]*FACTOR2 
fl .= SIGN [X(t-4) - Xf(t-5)]*FACT0R1 
fsutn = INT (ABS (f l+f2+f3+f4+f5)) 
VAC = ^ABS USUU] )j 7 - 

xs(o = xm ± xn-n ± xrt-2) + xa-3> + xct-<n 

5 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} ' 

& t x(t)= b# pq # # m $k. 4£ ft &~ xf(t)= b# iwi b# ft id & fir 

H ^. 4l ffi * it ^ 

*T^tW%^-rti£-^ T # * $ # «t A flfc » ' 
m It b# Jl it # Fft- ffi •• 

1 lS.2^ffl5ML^ ffi^S. fl # *I 7T # -ft fl <fc * * 

m : 

83^4t*f *^ PID4& *J 7T ft W # I s ) M ' i2 

ffl5Afr£4Ma&/&»4L?F*;fr*ffl ' £ #1 ^ # &t 6d PID 
*] ^ ?£ 5. * B £ "ft *I ij -;k ■ 

ffi 6 & ft- ± <L *i & J& & ^ P I D it * -J II tfj *F * ffi = 

a 7 7F # $ j& pidm f<j ar ik ft m *h it ft * ^ * * ffi = 

ffi 9 ZL 10*. * ^ iJt ^ ffi 2 ^ M *fc 4l # # -14 * -¥- £ *»I H 
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JL * feWitW ( 17 ) 

#J M * i& : 

;y J* H ; f 

13A-13F41 if # 93 & M 7f & jfc f*'*fe'PID& #J 55" * 4t ? 
& it *fc = 1 
l4AS.14Bit ffl"^ |2t| M. ^ PID& ?jc -f- & #J & £ & #j j 

n i5A-i5D^, it $$Li% ft^i&m & $-n- # it & at 

H # # : 

S 16A- 16D41 *fc 4* ffi ^ «t ^ 4^ # B ^ % - & i± HT & « N - 

# St ;il it ^ ^ m # : 

ffl 1 7 it «fl ' *r m *f n ~ # m & n 4, # >fl ^ ^ - it # 

1 18A~18K3l W fr ft $k it 4t ' ffl^T^*-*^^^^ 
N - # tfc jft afc & ^ ;& «*] * ft : U & 

W[ 19A-19Hil#r & ttftJfl:&*t'fl4i*.g-WN# ftift flfc g {£ 

ffl ^ * & # * it it 

it M # m. *± M ^ * & 3r & # A -- £ >x jfe as it 

^ *g ' JL 3M£ ft ftl S£ m 53 # fil i»I & & Jl & £ i± M ° g. 3Q 
8 #r 4i 4t 1 o 6<7 t ' T $ * fl> # ^ » ^ 

* ' £ £ 4ft 4E. * # fifl ^ 7jc jjft, jit $ # tff * ft 'fit # • t±? it > & 
^**f^'^Vft/ l »f-ap*4f-^LiiJS.Jt*i*fi5* ' « it j'l jl & 

^ttt Jtt • I T || 8 M *t t «jL a ^ 4£ *J ^ f 
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JL - -Mifcafl ( is ) 

IS- IS «] # 10 * , i%&M&&tf$-£&M£LM%r*fcft 
«. tt #f if * ft * • £ S >SL # *t £ 3£ ' -£5-*^^fft5t^. 

*»H6^f7F*0^-f-» ^ -f- iJt » g it it ^ a? M m. *&• *r 



* *l & ° ^^T^®9atl0t:f£ ' ^^^te^^fMtl 5 ]^ 
W 3 a 4 # *T # f <] 3t m * 6<j *£ * 



xt*J^**Wfe*l ° IS! jib ' i|8^^^i^|if^ 

# ' s- # *t - # a A. ' as. * ve - # a. at, #■ vf at at 7v as 

/£ ^ *r « -£ jFjJ » JL jft /| 6?j it # & $ if* A ^ 311 + ' M tit ft & 

& # *<r .j± f -f - , * P & / ^ a & -f- «r ' a « m s >% & # 

#J & #'1 ^ Itl • #A ifc Vfat # ^ Jt#f tt Jt 'ft & ft. EJ 

*] f#fJSFC X.TC (i^^ftlfilf 4e M 7} i£ fc. ) « m T # 
H 8 + 6$ A ife >£ Vd £ tf # 1 0 3t M 31 at * «j f£ £ t 4£ *T 4 

# ?S'J 6^ & & • 

m jMl 4a A M E (GPRs) ^ *r ft #f ^ * it A % i& # ' 
•Ap # ^ & 51 ffi *j #.J (NMPC)^r }* ' # ^ * ft ffl # _t £ *fc 
■f - % ' at # -ft m 3! is] b# it tt ^ * ' & ^7 at i% a ' 

' £ it & ^ a 4fc 3 ^ m iffNMPC^r ft # #| 

^ ^ ft ffl 7jc -f- f j ^ ^ GPR t ^ ^ # /t . & to & 0 & 

# ' NMPC if ft ft] |% PID& f!j H *a |5J 60 it ^ n ' H2/C2ife 
^ ' a tt ' # ^7 at C2/ N # Sfe ;^ # it $ ' jft. A ^ *i SS 
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-ZL > ( 19 ) 

ft. 7 NMPC 7T * t 60 it # -2L til £fc • 

NMPC ftit4£ 4* Ji-ft*] W -IS ffi JM PID 

k 4ll H 60 7T J* & Jft ) 0 '*» _t f/f it ' ® & & M £ & 60 & ah Bf flQ * 

lii^l^ttr^iisf ffl » # & 60 piDfe 44 is- & yx & n 



ft 60 7T * J. * EL M ' [±I ifc ^ it & & ^ & $4 # ^ ^ #r 60 T> 
% £ A M 0 ZP, 7 m ' jfc* J fr^-*t«tJtl**tr«^ ° J5 - 3r 
* ' NMPC {*■ £ * * 3P] ^ *t ^ IS5 60 3c _£. # J?) ' ft. & 4*. 
#iL NMPC * * ft 4£40&*)H»r£ ' *5 ft # 

NMPCfe f-J H jt IE £ JL fj- it ft 60 at ft iL j& jt - 

« *» ^ it ft Ji » ® A NMPC * # £. ^ JS- # m ' t it si 

mrfttm m * tt # a ir it « fr 60 jg. 

IT & £ M * & t il'J 1* NMPC 7f r it ft & % - 4£ flj **• & # 
ft 60 *fl m • #i *u S A is: *f $ #t g # ft it 60 % fi T 
4fe *i # ft 8 ' g 4*. m - RM 60 « tKfcn#L& NMPC* & 
if M- it M Wr 60 # ft • tiSffl *f ;l-J %\ & m NMPCfe ir * 60 
m it? -SL Vf NMPC ^ * ftSkfc-ko jR. ^ # 60 i£ 60 ^ » i^t 
H _L j»J K if. *t H ft 4k4f 0 «7/^**»6<Fft«^JftJ^* 

a * • ^ 4^ » tiL ^ ia * ^ sk m mi&fr-Hi&ttitiJL&z. 

it ) » M- x't T ?l ^ fa sx isL ° 

ft x & ^ » * J If # 60 # -j± jfj <j& & A* «< 3fc £ ' ^ 
t ^ JL ^ # # B ^ 60 NMPC *i*^A«ft»^*t : (a) 
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JL » ( 20 ) 

^ fa ft M NMPC & (H2 > C2 > C3 > 

%C2) ' jl (b) H2fe «d S^f S¥A ■ HH & -i- A *I k «(r * l» 

tfc afl £ GPR J. *f 0 

Sll*tfe|]7i* ' *P *- * W #J NMPC * * ' & t - f I 

A > db ti * 21 ^ * » & *fc # GPR 100 ¥i 

m ti & *n & 4 w n a f& *j j*i • * jl m & > & & # a ss ^ 

*r « # * • 

& t m & & m ir& an g- & ;t # #> . # *t it it * * it *j 

' # ft ffl GC « # m to # 6 # *. tt *t * • ^ T Jft. 

it m. si ^ * & # at >. jl ^ -y & ft *■ & # m £ ^ m ( # 5 ^ ) > 
- it #f ^ & » ( «. ffl .fe t&mn m gpr ioo*l a *a 

t 6 31 ft # # i*J & ) ■ IR#i if -a & - # #t -ft Sfe ' *^rw^ 
*■ e. it ° @ & IR* T A ' #r ?x JL * S *5 K -ft Jfl GCte #J » 

M ^|tC25.C3t ABf » ft m jfet fe 4fr ^ # JL £• & f/f & *R » 
JL ft i* *fr JL ^ ft -ft St ' «4?-SI*2l*f4^4**fr&tt& 
& 3 IR^M If tt-te ft & & ft AO NMPC 55" *X & m ZL *J il,!t 
tt * JL * ^ * & flt *i W <tt if $ - 

*M T # HI 1 1 r>f * 4l ft & ■!£ GPR lOOfe #'J #. & ^ j^l & & 
Sf*^"^*P6<fC«*t 3 13 ' NMPC 7T & -j& r lv ^ ^ ( # 7v ^ 
ai^^^LC^WHiJ^^ GPRr/f # * ^ 3 ' GPR ( A t 

ft m # *t pid^ *i ^ ^ $ ) «. ^ ^ it ^ $>j ?t Tir e> * ^ *3 

^jL^^^i*frJ5*»ttitJ4 • tb as Ji ' g^Z,^<|[ATi 
ft ft! NMPC* ;£ 6tf M t W ^ ^7 44 # ! i H PID-iM^ iSt & » f^f « 



H 
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* 
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i * ( 21 ) 

K n it M 'z> m * to & # sfe & * J 6 *fr # a. * . £ , 

^ w nmpc **t#iisioo^jf ^^i^^if ^rt#t 
# i$ *i & p * a. r * # & v | 

« T NMPC^" * ft # f- ?I fj H £ * * ^ T ' *» " 
*. + GPR 100 ft # • jS*$#5^i-ft$ititT ' * M 

$ # 4t ft $ A. » ^ ft # at * to ^ & A n 100 * ^ & a # # 
«. • 3 *h ' it £ ft ft & S ^ ft # >t UOift a. HE 
lOO^L s£ P4 ^ M H 100 J'] & i& & H- 122 ft <L *9 & jA H >& T % £ 
Ti - ®&^jt##i&*£#llft/3l$- ' «HA«*ft** 
& 1 lOit A ^ » JL & 6 # Rfe- ffl I 16^ 100 o 

NMPC ^ 3 - ft ft & T If * it B# ft o ft # , 4^%. 
fy Fp -T ft ft] ft # & : ft ffl NMPC ^ i& #J & .^fe^HIffl jp. 

# A £ M £ GPR 100 + W ft * ' *i # jfc f£ * 'tfe it JSL ft 

81 12+JS^^S-^^. NMPC 7T * + |£ tM S Si X #J $ 4£ ^ ^ 
4*. m 0 M T If ANMPC*;*^*^ PI 7T A ¥j 9k ft ft # # 
^r.feftffljfcs^^ ^ W * *t is; *r & • & # &b PID# #1 * 
& W + ft ffl & Uf £. <tt ft it » i^i^ H2/C2 

^ ' C2/(C2+C3) It #■ ' ZLC2/PPtfc ^ f< + if 

^ ) > A ^ NMPC ^ >£ # S! ' & ^ ft ft ^ ft *t GPR 
100 » *» ^ ^ ■ /% H 10O + 4- iSL ft ¥} *£ J: ' & GPR 100 + 6?j ft 
fl ' GPR 100 + JSL A #j ^ » #1 -*a » # ^ML ft # ^ 

^1 K; ' ^ ^ ttf ft # ' ■ Jh ft # * ^ 4> A m £ * ^ £ it >x 
it 2] rff £ * £ |jfc 0 S(j • 

^" ^ J I ^ # & ft » ^ C. Georagkis^ A & 1986-^ ^ & "On 
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the Use of Extensive Variables in Process Dynamics and 
Control (Chem Eng. Sci., Vol. 41, 1471-14841" ) ' &■ tf to & & 

n m m sl « & ^ jl & & o , ii^^#m^t?^#«L 
h ft « « * » « »j fetu ' a ± - # «*. #. a aj # s 60 3- 

it ^ A «4r a «* * M & * -L * *•] ^ # it ^ *fr f£ £ «t £ # 
ite ^7 NMPC $ «& Mi ej A > «@A*.4(r£-*t2fc&T m 4fe « © & 

* ft 6<j % & A - ini!t^*rtllf,lf ' * # ffi 
>£ NMPC $ & *M[5 . £ * dtf *Mp i£ £ Jb *l ^ i* £ 60 

& * »j ' & £ m i is. 12 • 

£. & ' .-fia H2*fe *J » S'J * * » © jfc Rfl H2/C2 60 it ^ T 
^ ^ ** # ^ » f* £ A ft ffl NMPC 60 ^ }* 60 & #'J $ m. i£ & & ' 
H2 60 iL -f: £ GPR 100 t iU 51 » Ht & -Jr A - * C2*» & 

* # 60 fe & af C2**i!tJfcR - 3 *h > ^ 7 # 
^ ^ v * 60 If * m iu it & # ig ff it -2- a *J E7 «t £ » 60 

1 00 » 

ffi -r ^ ' & m & & 60 ^ $ & ^ ± * & # .j± ai^t $j 

& ' tfc NMPC ij ^ T at, ^- m ft m *t ' @ it & n * & t is $1 
it ffl n 60 tfc ife 4* # ' ffli ^ ^ ^ ,f, ^ 60 Jt 44. ° ^ ^ ' ft 
ft! ^ 4fc + # ^ *»] IS- * NMPC « Jte 60 W ^ J. ® it 

J. ± El & rffj ft^-k»*a&#^» 60 it M it ffl & <h . jl ^ * 
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A > -fM^ ( 23 ) 

it St # ' *» «t £ & ft ° 

# 83 ft NMPC ^ * £.&1TJ»*^W4l.'te J SLA»^J:4fe^ 
atJftl-SLt & T 7^ « ;F-J « * xAaJK^JtT >tt # * ° 

* * 4*r ' » # jiiI m £ * x 8# * _t ^ + ft A to * 
H n #j -f" W: ' A. £ & 4s # # * t ' jfc ^ a * - a 0 
Sii^ & & ft *J £ ^ ^ i& & & ^ a. 4l ^ - 

& €• £ #t & *^«x* M'l i<t ' ft ffi NMPC^ & <tt ft #>J g 
t it -ft rt. *a * $l ■& ' jl ft m PIDft *| n M & # *fc # ft *| st 4b 

M H2/C2i^ ^ ft # Jfc (COV) > n & % - & to A tfj #- ' <f 
^ * — J. 4fe ^ 5 • & S 13 A ' i*i*f 7IT <Kj ^ 

IS] : 

(A) NMPCfe m 

(1) H2/C2^ j< £20 ppmrt • 

(2) & A <P 4$ it #J P# * Sfc R.240 1 -f- ifc ' NMPC ft f \k 
ii si m. 'b ° 

(3) & H ft $>J T , m # H2/C2 *t * • £^^-$-#^3f^ 

H2^ # A. Jrfc 45. ° 

(B) # & ft m (PID) 

(4) «t k » ft *| ^ & £ > J?J g- ± * # » 

(5) # ^ H2# Att^Xt^a 6fj SSL ft - 

(6) £ # # ?f & & H ( C2301) + ft $ -f- |ft it # J.J & & H # 

# Jf H2 41 in - PID ft *I * "It ft ^ H2 ft A. »5t ?| it it *4 

(7) ft ffl # # Jf f *«.fil0 • PIDfe f!l ^ ft t£ feJ $] H2 
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JL * #^«£,93 ( 24 ) 

El 4* « it 5'J & £ *t £ St ( it 4 ^ £ 1 8 »h 8* ) NMPC# ft 
ft El & 1L$l *IHk> & H2tiL ' JL it t # ffc « *7 

it ■ 

« *» £ # ft ( ) rt $0 & B # J& £ *» A 13 A t #1 # *t ft - 3 *F ' 
& a tt tfc (C2/C2+G3) t 60 € *f ^ J. 4fe m # @ ( '-A 
H-13B) > ^ if # ^ ^ 1f ^Ml 60 Ht % (%C2 > % ft * ^ *b ) ff 

^ » - a $7 $ ^ ( #. jl n no * ^ ^ t # n % ~ a t ao 

Sl it ' ^ #-J t & * it *r it It ^ - # 60 *q «■ • 

£ * * ' T £ NMPC if * A .h PIDfe f'i S ^ * f: 60 

(A) -NMPC&*| 

(1) 1$. & M C2/(C2 + C3)60 Jfc . *5.*^&-«P#^flfc* 
ffii "f * #- =t # • 

(2) -** H2 ■ £ NMPCk « + •. 

(B) # «'] (PID) 

(3) & m £ #L & T JL ft # -f- *Sfc 9# ' PIDfe 60 ^ fb % tf 

(4) *f- ^> ^ © & *a •£ ft « jL & # ' iL & fit I- -b 

t ® S'J 5& £ Fr5 - 

T £ # *& PID& *I ^ * NMPC if * 4l W 60 * is) 
« * 4. H 13C + ■: 
(A)# & 44 #<] (PID) 

( t) ® & PIDfe *J B i& 7%. ^ ^ # C2# >v / i% £j tt ' u it 
#• *t 60 ^ $j tf - 



it 
H 

t 



IT 
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i - C 25 ) 

(2) <s A > & t «r W ft & C2%*: «. ( C2/ Ife Jfe * ) > & 
PIDfe W T ' * ^ H # #■ ^ $ *5 . % & £ ^ - ■ 
(B)NMPCif *J 

(3) >± * & +/-0.05% > 4£ « 10 <J* Bt *J M > % C2*l f It 

(4) ?£ it #J #1 £ £ C2# A. B# > *T j& ^ € * ' *b it it - ft 
it if # 4l & T ft 6<j m & ( % C2^: «. ' % « SL 4fr ) ° 

% T f I f i f A i i aj. # jfr ^A*7ifeff*«.Jt ft 
& St ° & # - fcl t ' ^ - J. * 13: £ ft $| £ f>] 50 ppm > 
A (Sfc $ 'J> b# « it S'J i t *i 1 I - f t ' 

^ H2/C2 tb #■ #j ifc. 5fc ft if Ji«J 100 ppm ' tr >Ut £ 1.7* B# » >X 

# & & Jt e & # # -ft • m t ^ # *M5 <i> b# j$ it ^ # 

St ife ' # ^ «. m # PLDfe *<j 7T * 6<J B T it 5'1 4a # # ?£. 

Si £ NMPC * ;£ ft & ,^^#Ji $ ^ ft. % - £ & f.J # — £ & 
6<j ^ H ^ » *fc £ & » *»Hl3D+^f** - ^ TO ' H2/C2#J 
tb # # *f ifc £ ft ifi "T & 75 ppm ' J. & # PIDfe *I B ft it 
#f £ £ - * it B# ' & fll NMPC* * 6^ 44 #-J jg Jt ff oh 
^ # ' i -ft # H2/C2 tb if ^ ^ 1.0 .J- b^j i$ o -l 
NMPC* ik ' %t it *t ^ *tf ^ 10-]> » X #. # J£ « gj 13Dtf 
tt # * : 

(A)# f'J (PID) 

( i) m m & m. ^ «i e w sc x # m > pid * * ft it «i 

& - * £. «t ^ ft 75 ppmBf ' ^ ?f H2# ^ fa fit <Jv - 
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i * ( 26 ) 



(2) £ ith ft ib # *!r it £ 3 * fff > -f-*&4*# » £ 
*h 60 10 'b A PIDfe M B m & # r f/f & * * ° 

(B) NMPCfe *f 

(3) # it B# > NMPC-sf % % # # H2/C2M: * # A. TSS-fS £ 
(60^) ft #f t -§-4lH260 ig * - 

(4) ^ S 13 A t ' H it. - # # % H2# A « & #H2/C2 60 tfc * 

£ «t £ J* & ° 

# B ^ 60 NMPC ^ \k ffl^ft^Illj.i*) 9 — J. & it # it £ 
b# ' « ft £ #L ft Ms # » *»„ H 13E + '#r * # 0 jtb # & 
0.472#]0.460 • C2£ £. 60 40^ i£ $'J # J£ 60 & 60 » fqC3^ 

^ 60 ^ » ft a^4C3 at $ ^ h^a^ - # ^ & a 

ffl 60 Ht ft P/f & & 60 fi# 53(3 'J- f ' 40 3- 60 if # flf H 

( t f& -t -dL T & * * ) & 60 4a # -tf 60 ft fi. - S 1 3E 60 * 

T : 

(A) # ft 60 ?£ *I (P1D) 

(1) * S. •#■ A iE «t £ ft & it ' J* *T ife *f * 60 St ft * $ 3 
Bf « it 5'] PIDfe M 60 «t *t ft • 

(B) NMPCfe *J 

(2) m 4fe NMPC ' i ig. A. *f «t s£ ft - .S, Ji *f C2 i£ *t 60 

' 

(3) £ 40^ & ' C2_h ft- ^ it f'J * & * 60 # 60 • 

(4) C2/(C2+C3)60 tb ^ 3*L £ JPJ <h g 60 ft ft ' ® & x ^ «l 
ft- #- ft ( * k. & *^ Mi ) 60 FH *J # - 41 7 F » ^ & ft tt 

' <fe ffl - *t 60 ft flL 0 
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JL * ^fltfE.^ ( 27 ) 

(5)£20^ft > C3i£. f'J .*t Jfc ft » JL 60 ^ v ft C2/(C2+C3)£ l£ 
j£ ft ' jtb PIDft n 2>b*$ o 

m t mm * NMPcit # ^ & ^ 4- # /t(H2 - C2 > C3><$ t * 

■f- # ° H Jt ' # if C2 S.C3 64 # * ' JL & ft m ft * # A 

# #- -f- a *l H t ' *»Bl2tAf*# 0 ft ffl i£ $ |€ * ' *T 
*f .ft ft J. 4fc t % C2 <■ ®^4JL^#^^ NMPC 37 * ft ffl > 

ft m & si it £ > f/f « # *r & tt 4& % C2 a. * ^ w 64 

LMRft • i 14F t fig tf it £ *£ * ' SCT#*fc 3 *>fc|fcSfc93 if £ 
64 If A II a~ IMRAft J: # 64 * ' T * f a- gr %L «S £ it 

# # * ■ 

(A)# & ft #| (PID) 

( 1 ) }i * % C2 ffi »J ' ifelMRf $<] 64 % C2 T *4 ft 3 0 - ft £ 
it #■ *a JS] » & & & m. J^MB ft & ^(-b %L % & ft f£ . 

«r jta «. 1st B ^ ) 3 

(2)j& it # # & & it # * £ =Ni Rfl 64 IMR o 
® % % C2 64 % M ft^-x.Ag A- ' #r a T *& it # - T ^ 
it ^ ft ^ 64 ft #-J a ft ' 4l^f li^f tit ft ;1-J 64 tit 

# ° -f- & 3! i& £ ((Lab-Calc)/Lab) *t ft % — ft # >% 
+ 14.5% ' ^ ^ - J. JW & +8.5% ■ ^ ^ ft ft J H » ft ^ i% ft 
4*; #; # A #f* # G9 ^ 0 

■kp J. ife ' e*«-ftit^i*iits » « 4a # it ?K it # «t t ft 

ffl 64 ^ ifi it at E- 64 -l± » ^- t *f 64 M j*. * "T ^ -f «L II 64 

^ afe ' flj {75 it ^ a 64 # 4a $ ft ft » tif tii^l ft 

# JQ 'A t 64 ?jc -f- ft #J If ft ffl ^ ft NMPC * « m it ^ ^ 



H 
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JL » 4fr ( 28 ) 

& $ f j& n #. -f- it # 4l it ft t # # m 4a # *t & • ^ jl > «■ a 

#j gt « ' B*-F£:S»l&te«Fi£*|3g#-- & a. -ft Ji «. # 

t 

m i% & ft i& & i& & & *r ^ & ^ & M & ft ft * *» & « | 

NMPC:^ * > is £. & # -ft A 8* W ^ * ' jfc E J* ^ #- -f- *'J | 

& *t ' jLafc^**.-^ nfl ^ « ft • I 

3fe > S& # <ffc ft *L 4l # $ At is. j$ ^ ' JL ^ ^ m £ NMPCfl 

%ti±m - * £>] 7 Jc ^ *J B n & & *J -ft St t 6*r # im 4a f «t 
£ ° *■ B fl 6tr . * * N - # 3fe & £ ^ £ * US ^ i*. §£ £ £ 
ft *T fHlAlt i&'T #L *I f& J) *J IS- • Jt ' ft ffl 

* m & .3. & n - # a & » » * ^ j& n - # & ii *r be. e 
& *i & & * # f=r a -l ' *> * ^ #j n. ^ i 4 t ;# • m 
t ^iN-^t at afc*^A/a^i^^*.-f- fe- *j g • & # ft 
pmfe *j si # *& t a* # #. & - ft # * n - # at a & g 
ft » 

£ it ffl *| £ «4 GPR 100 » ^ _t x 

t «t m . ft ift # & M- ^ *t m t <tt is *j • jl & j. ^ it # Jta 

pi] . T#*.-f-fe*J»S. ^ ^ 6^ ^ M * ft. ffl * ^3 # A. it 
t^'lp ' ^ Jt # ^ 6(f ® it 6^7 ft ^ ||. £ ^ isf , 

JL^#tti&-&jSL;f;;L.jfc3ftjt<iL_t T # 0 itb # (ft. ^ 7 jc ^ 

^ *j S'r'^f ftii vt it® m > *t # ot ^ ^ # ^ & m b 
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-2L * ( 29 ) 

« «i& . * It ' «35j|.*##-Jtift;fcttft$& ' Jb # & # ft * 
X J& # * ffc, ^5 ^ ^ it & o 

frl *» > ' & ffl ^ «■ «E NMPC^ * i&&jfc#. + 4**l»ifc/S*ll 

4-*ttt££.ifc#& ' & ' ^ # & £ a ^ * ft A K ° 

3* fj S£ *I ' J£ ^ & > GPR 100 4£ Sfe • gj ilb ' 7 Jc -f- M 
*I H ft ft. ffl ± M. 'jt $ flr & $ -f- o i* * , # ^ ft it 
& at H * # * ^ & ft ft th «■ ft - ^^^^^r^-ftftt^ 

te*T#*j#J£i£*t^ft' ^ >t * «l #- *N SS- ^ <& 0 « 
T#**#if£ft*£i&#4£ffc-kiSJ&£j£ + #r4fei£ - 

si jt n - # ft & & b *r * s * « « a a & at *fr ft ft 
' # « # ^ ^ ^ n ^ jp. ^ fr ft * >fi & * 
^ 7 jc -f- 4* pi n u & m g_m an <!£ it •£ t ^ * a. # * 
it » -i B nq j£ it o ^ tt • f stN-^ftiit*iff ^*I4 

# S <Hi £ *f € & - it at 11 ' £-*tf.ft&&*r#*irfKifSrft» 

J- T 4fe ifc EJ T * fs ft *(r St ft - T X % »U! 6^ jft at H ( ft 

itN-^ftafcat*)^^^^^ #j o ji f»f it » <t #tN-^f 

ftjft*»(*#7|c^fe*!|»)B^ » *L-4fN-lfftalfltllT^it 

# 4fcPID& *>j H ft jfc o 

■kv _h ft » * $ # ^ it ft iit at ^ ^ - ^ ^ m i& at ^ : 

Xf(t) = Xf(t-l) + FIL*[X(t) - Xf(t-l)] (I) 
* * A X(t) > £ at fir ft Xf(t- ft *t it 4l «L * 3« a 

jsj # n ' a $ »t <t ft x *> jb m w * - w ' * ^ fil at 



* ■ 
^ ■ 

H 

# - 

*■ 
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JL > ( so ) 



£ - FIL=lBf - & iK ft & ft + ft # * ' ^FIL-0# ' & ^ ^ 
£r & it ft • t ft Hi 'bib I ' ft flfc £ <J> ' ^ ft ?t ' <s 
4: 54 ift & -k ' « E§j A £ T * -ft ft * #J. * i£ & € 0 St * I* 

# x(t)j£ * ^xf(t-i) y m. & at u t fx. m. n & xf(t-i)#xf(t> 
& ft m ° & * ii & # iii at * ft * m ( & m * ^ a$ ^ ) « a 

jfc > 4& # in $ k # fj # # ft & at flr ft ft - ^ & A fil ^ 

ft & «L .J* > ftiiftifcB* ° 

N - If ft id at ^ s **- fit flf * • 44 #-J £ ft #r 4b N » 
> «l *$- ft & » > ji # & ft # st # ^ at at -ft ft & £ 

fNis^tl ft ^ £ & ji jse. a 4l ill $t it ft ft - #i jl ^ > iit ' 

Sit -ft ft #J T - ft {f. * fl 1 1% # d£ ft 4£ ft # ft ' it # ^ T it * 
*a « it B fl • is. A ' *N*ittitljttt4jE*Aat3t at if ft 
ft #] 8f . ,a.j ftN??*lfc*)Lft**#ia • ® jH: -^L it » jt # 
M. & ft m - it at if ft >X ft # 'J- & ^ ^ it- N *j 4& ft *jt ft - 
Txt^l.^ . *3t^NflFfta*L* ' JL f& «. IS * N If ft 

at & ^ ^ 4^ * «• ^ 4l nmp'c tt * »r ff] it ^ i ^ 

& ^ 6^? N If ft ;^ at 1 (N = 3) 

X(t)=af ^ Bt #<r *j ^ ft ft 
Xf(t)=B# m »# ^ & if ft 

f3 = SIGN [X(t) - Xf(t-3)1*1.0 
f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 
fl = SIGN [X(t-2) - Xf(t-3)]*1.0 



(2) 
(3) 
(4) 



n - 

# - 
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fsum = f 1 + f2 + f3 
FAC - ( ABS (fsum)/3) 2 

Xf(t) = *Xf(t-l) + FIL*FAC*{X(t) - Xf(t-l)} 



(5) 
(6) 
(?) 



- *f (ft a FAC if - # 43 # & it 4$. ft ' SIGNtt ^ & 

* & & * ^ & =t & it ^ 'ft ft 46. Xf(t-3)^t ±iT?F tf't 
& afc ft ^ ^ it it & * * € f'J 3 «9 ^7 & it #. Kb *<r fJ £ - 
JL 3 15 * j£ *t flf SIGNiil EF +1 ' # i% & Bf 5H 1=7 -1 • frl -h 
SIGN (10.3 - 8.1) = +1 (8) 
SIGN (8.1 - 10.3) - -1 . (9) 

*&■ £fsum = fl+f2+f3 » f «T A ' fsumstft jgg £ £ 

I + 



fl 


f2 


f3 


fsum 


1 


1 


1 




1 


1 


-1 


1 


1 


-1 


1 


1 


1 


-1 


-1 


-1 


-1 


1 


1 


1 


- 1 


1 


-1 


-1 


-1 


-1 


1 


-l ! 


-1 


- 1 


-1 





FAC 
^ T 
# ft & 
^ is? i| 



W fsum fife- 3 « S'i *j- ft > J. Z ;Jt * ^ FAC - 

= (ABS (fsum)/3) 2 (6) 

# z <t w m # # & * & m & ife & * 3 t- 4l > & *■ n 

iiTftA'i* f ^ FILit ft #j i£ £& 2fc H : — ft] 
ft ft & % ( fsum t& 3 ) > FIL 1 » £ - A T €- £ #. M 
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#Ul^#(^fsum^^ I) ' FIL2 > ^ ^ T * 1 1 
FIL1 - FIL * (l) z 
FIL2 = FIL * (1/3) 2 

4t 1 1 



(10) 
(H) 



z 


FIL1 


FIL2 


FAC 


I 


0.5 


0.1667 


U.J j j j 


2 


0.5 


0.0556 


0. 1 1 1 1 


. j 


0.5 


0.0185 


0.0370 


4 


0.5 


0.0062 


0.0123 


5 


0.5 


0.0021 


0.0041 


10 


0.5 


8.47E-6 


1.69E-5 



15A-15D60 «. « + *7 « T *f ° n -ftp ' H 15Ai£ if w # It 4fc 

s ' xs. aft at ft st ' xf - x(t) w*f*ttt.jE.e.S'itfe » (-&»&) • 

JL JR # if # Xf(t)60 # it 0L • & W 15B + ' #- # Xf(t-3)« * 
£ f 1 » f 2 2lf3 4l ffi ' #• S A ft Xf(t-3) ^ 4 * & 3 49 #3 
Ht ft ^fif • ii * J: *g A» J* # S'J fsum = l * JL FAO(l/3) z » £ 
jfc ft Ji ' e* * £ FAC 60 *t fH > rffj FIL j% - ^ft >v - 

» ti » A T*if Xf(t) 60 *f it ' if 7t # £ " f " J I Jj, X GO ft 
3 <fi w it # ft ' itb it ^ ft &. Xf(t-3 ) $0 $ til & j£ 4 £ 
ifj £ - fi * ffl 15B t 60 Xf(t-2)^LXf(t-l)=F iio y'Xi\ % » E ib 
FAC 60 It ft 4& ft T 5$. 4t * : 

FAC = ^BSm±f2±f^ t - (1/3)* e.g., Z=4 : FAC=0.0123 

. « 7 # f£ ffl Xf(t-3) A ^ ft « & £ X(t)£ £ 4t * - * I* ft 

# 3 is, j£ jft ^ *t « t *f ^ n a & xf(t) 60 # a a 

Xf(t-l) • *» B9 15CS& & 3 ' • ® ft ' A & & FAC ill *$. ' if] T 
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Jl.- Mt&Bj ( 33 ) 



t 

* 
ft 



3. if # Xf(t)-^ 11 = 

Xf(t) = Xf(t-1) + FIL*FAC*(X(t) - Xf(t-l)) 
® M, FAC63 ttt*»A 66 .J* > - & ^ 5^-FIL-^ m 4 fa ' Xf(t-l) % 
* > fife- # X(t)-Xf(t-1)63 J: - # ^ Ji ifc $ ^ ^ , j. | 

FIL=0.5^1Z=4 ' FIL*FAC=0. 00615 ' M *» Xf(t) & X(t)# 2% 63 5£ 
jib fll * ^ K 15D t » & 4b & $$. & * #. *J 



H #f JL ^ ;m -ft ft * ^^*5.^^^itt^t=tsf^# | 
tfL Mt ft Xf flU fi & • ^ A & ^ #J It 63 €■ £ if # *r | 

ft & %L ft * it &. M /Jc -f- & #J # ft] is: * ft ^ -f - ft & iSL 1 

ft 63 m fi ° l=b ffi _t ' ^ ^ FIL=0.5^L ftiiaft**-4Xf(t-l) 
S.X(t)4HB|^ft50%W JE« 0 « T # N - *f ft ill at H 63 $ 
Jk ° &. tfN Hi & 4 M.5 > ^ T f£ ft] Ji i& 15L a £ ^ ^£ N 63 #f 
% $t -fit ° 

^ & 63 N - ft g ;ft % 

jg * ^ - # 1H, it ft ' ^ Xf(t-3) m - #J Ji <t # ^ 1® in % #c & 
K 63 3fe -it *8 # A ° f£ ft] & ^ 63 N - I? ft ft aft. > j>h % sfc # 
& * fa # A) B# . Xf(t)# tllTf t ' *» n 16 Aft if 3 

' & ^ % n xf(t-3) ft to -.im i f a a i a $ ^ ^ 
$. 63 »r at >\± * & t " f " *i 63 a o > iff; a + 1 4 - 1 > ttm-^T 

3l t Kitm > & m 1 6B • I 16Bt T T Hf s 

w * * # ft & ib ^ rt > FAC 63 *t 4t ffiL ' ft Xf(t)#Xf(t- 1 ) 

H ?Jt ^ <=r & € » 

f3 = SIGN [X(t) - Xf(t-3)]*FACTOR3 (12) 
f2 = SIGN [X(t-l) - Xf(t-3)]*FACTOR2 (13) 
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SSL 

t 
ft 

% 
x. 

* 
t 

A. 

# 

it 
* 



X > £-#tHLSI3 ( 34 ) 

fl = SIGN [X(t-2) - Xf(t-3)]*FACTORl (14) 
* J ^ "FACTOR"*! «. ffl £#:*&-it£««.#'fr3fc*$ftA 
ft it fb « ft ffi ¥ ^ X A # it £ *f a Jit * FACTORS J 
tiftllf ^OMt - ifij * *h & 1 ' H 16C #f 3 

# ■ £ H 16C#r ^ -ft * <& « + ' 3. Jfe t #f * K; ^ ftl I f 
*h ' B£ FAC ^ttl^Ti^ « * H 16C #f tj? ^ X A* J= 

ft ' # Xf(t)i«j - -fs & > -ka & Xf(t-1) j 

# X Xf(t-3)4i T ' m^fyth Xf(t)<fel ^ 4& # - A f 5f T X + 



£ i* # B 16C ' FACTOR* if % -to T » & t FACTOR2 

3LFACTORIJR {>X ° 

if ABS [X(t) - Xf(t-3)] > DB AND then FACTORS = 1 (15) 
else FACTORS = 0 (16) 
— * & «. 6$ 7) ^ A. ^ FACTORi A 0 4 1 t H » 4fc ^ rfr 

£ H 16D t ' * t : 

if ABS [X(t) - Xf(t-3)] > DB AND then FACTORS = I (17) 
else FACTORS = M& J XfQ - Xf(t-3) ] 

DBAND 

m it f# it #1 f (intrinsic) ^ € ^ MIN T 3f iS$L % & l*J 
#J & ' # #J fij it! PR #>| t ft ft * -fit » ft £ ^ #4 -f 
T : 

[•ACTORS = MIN (1, AB S [ X(t> - Xfft-31 ] j (19) 
V DBAND / 

ft # ' fsum^ - 3 5'J 3 *L HQ <Hj it $ {£ - it # ^Txtif «f 
H £ » jib jc n N # 3fc $ afc $ ft * K£ ft if> ° 



41 



4 

*t s £ 0 5 
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JL - ( 35 ) 

- ftttfe^J S ' *» ft SI *- # «fl NMPC ^ * tfj 
« 4r ^ (20)-(3 1) t *t >t * & > & 7F ^ T - « 
X(t) B# m »t Sfj # dfe *t # Sf ' Xf(t)& f# M B# ft jfc it 

FACTOR4 = MIN (l, ADS f X( t )-Xf(t-4) j 



DBAND 



FACTOR3 = MIN (l, ABS f Xft-lj-Xfft-4) ^ 



DBAND 



FACTOR2 = MIN (l, ABSrX(t-2)-Xfq-4)]\ 
V DBAND / 

FACTOR I = MIN (l, AnSrXft-3)-Xfft-4)j \ 
\ DBAND / 

P4 - SIGN [ X(t) - Xf(l-4) ] * FACTO R4 

H = SIGN L X(t-l) - Xf(l-4) ] * PACTOR3 

Q - SIGN [ X(l-2) - Xf(t-4) ] * FACTOR2 

fl - SIGN [ X(t-3) - Xf(t-4) ] * FACTOR 1 

fsuin = INT ( ABS ( n + f2 + D+f4 ) ) 



FAC « ^ABS Lfstim j j y - 



XS(1) _ xco ± x n-n -i- x»-2) + XJV3J 

4 

Xf"(t) = Xf(t-1) H- FIL * FAC * { XS(l) - Xf(t-I) } 



5L A *fc 4, 

tJ » 
T A t 
St • 

(20) 

(21) 

(22) 

(23) 

(24) 
(25) 
(26) 
(27) 
(28) 
(29) 

(30) 
(31) 



6-? ife f'j H » ^ ft Jfl f- B £ 4l NMPC # #. -f - & *J » > ft -ft T 
H (32)-(45) t tf) jfc % * = « % # £ 3^ * X(t)£ Hf ft Bf #7 & 
*. # ft ' Xf(t) £ ffl Bf #j if. afc It ifc ° 
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-2- * ( 36 ) 




FACTORS = MIN (l. ABS I XfO-Xm-51 ]\ 
V DBAND / 


(32) 


rAcmud <= i abs r xrt-n-xfft-5^ A 

V DBAND / 


(33) 


rwrrrnRi = min f 1 ABS T Xft-2>-Xfrt-5> A 
V DBAND J 


(34) 


FACTOR2 = MIN (\ ABS f XCt-3)-XfG-5J j\ 
\ DBAND / 


(35) I 


KAfiYwi MIM /. Ail's r y/'i-A'i vffi <;\ i\ 

1 AI.IOKI = MjN [1 ADO J AlHI-AKtOIJ 

\ DBAND / 


(36) 


f5 = SIGN I X(() - Xf(t-5) ] * FACTOR5 


(37) 


« = SIGN [ X(t-l) - Xf(t-5) ] * FACTOR4 


(38) 


O = SIGN [ X(l-2) - Xf(t-5) ]* FACTOR3 


(38) 


= SIGN [ X(l-3) - Xf(l-5) ] * FACTOR2 


(40) 


fl - SIGN [ X(t-4) - Xf((-5) ] * FACT 'OR I 


(41) 


fsum = INT ( ABS ( f H-Q + fJ + f4Tf5 ) ) 


(42) 


I? AC - ^ABS_^rsum jj z 


(43) 


xsm =, XCQ -i- Xft-li + xa-2) + xa-3) -I- xrt-4) 

5 


(44) 


xf(i) - xru-i) -i- riL * fac * { xs(t) - xf(t-i) } 


(45) 


n # §t it a it it - # & m fa %t fi fl? # dfe it * 


t ft *-Xf(t-3) 


#j a n m & #l & ft 4l ^ hi - *p »r & f sum # ? & 


#'] ( *» T FORTRAN^ ff & & INT^ ^ ) - 




fsum' = INT (ABS (fsum)) 


(46) 






f I = I ' f2 = -0.5 ' f 3 = 1 
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JL * ( 37 ) 

fsum = 1.5 
is. & 

fsum' - INT (1.5) - 1.0 

^ itfc ' fSL W ft ^ ft .£ F AC ^ »T It # «fc ife 7i * • 
FAC=l ' *T & { X(t)-Xf(t-1)}^ it 3ft ft ft 

A > ft #. U it 3fe ' £ t & i X(t) t #f * ft # m • 

& i*. -ft sfe xf(t) «r * ^ # xs(t)# ^^^^tJLftfl** 

>fe Jt Xf(t)i3j ^P- ft — ^ » *r B 17^* • ft ^ ' ft ffl 

sfe ft ft ft. ifL • & n i 7 ft #1 -r- t ' it rfl i f ± f 3 

» » a ib FAC= 1 » ft «. ft « A ^ * Hl j=_ in m 4k & # 
^ Tk 0L m £t-2l#ifcf**feftft-ifc#^#.tt--#. M 
_t » tf-*fi«rfti%,£.«aLfl l _t » * 4fe H ifi o £ 

tfL_t$3 it ' £. ^Xf(t-l)^ * «. 3 {SI X ft OL 4l ffl ft £ ft 
ft tf g . XS(t) > fl& * K ftl * Jfc ft ffi X(t) 

XS(l) = X(Q ± X(t-l) ±.20 1=2 } 
3 



ft » f£ 
ft # Jtb 

it 



» 0 jtfc 
- + ^ 

lfXf(t) 

(47) 



Xf(t) = Xf(t-l) + FIL*FAC*(XS(t) - Xf(t-l)} (48) 
m Jk. m fa A. $g ^ ft j£ z9l ' ft -T if 77* FIL ft *t it f- a * 

® A. » N - # jfc it at S ft 3 - *fc a t 1 M tTS#* - 
^ * 7C 4, ft. fl! - *fc i ft & l§ » -ftp ft m & m NMPC 7} it ft 
* *I B ' « & -ft T iC (49)-(60)r/f «L ;t ^ ^ ;£ » * +■ 

X(t)=n* m tit ft m 4k & Sl Xf(t)= # ^ ij| ^ Sfc « ft 
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-5. - ( 38 ) 



( 1 ) #t # & (49)-(52)if # n FACTORS 



FACTORji - MIN /l , ABSr X{Q - Xf(t-n),]V (dQ \ 

\ DBAND ) yy) « 

FACTORri-1 = MIN A , ADST Xft-1) - Xf(Vn) j\ n 

\ DBAND / 

FACTORn-2 = MIN (l ABSf Xft-2) - XfYt-nl ] \ 

\ DBAND / ^ U 

I I 

FACTOR 1 = MIN (l , ADSfXCt-n+l) - XfQ-n) A ,™ 
\ DBAND J K > 

(2)m^^(53)-(56)"it gnffiftf. = 

fn = SIGN [X(t) - Xf(t-n)]*FACTORn (53) 

fn-1 = SIGN [X(t-l) - Xf(t-n)3*FACTORn-l (54) 

fn-2 = SIGN [X(t-2) - X£(t-n)]*FACTORn-2 (55) 

fl = SIGN [X(t-n+l) - Xf(t-n)]*FACTORl (56) 
( 3 ) 4dt. A (57)tf £ fsum = 

fsum ■= ABS (fl+f2+f3 + + fn) (57) 

(4 A (58)*h £ FAC : 

FAC = ([ABS (fsum)]/n) z (58) 

xs(i) - Xfo + xibH -<• xn-?i + ... + xrt-n + n 



(59) 



(6)te4fc £(60)it # it. afc.&Xf(t) : 

Xf(t) = Xf(t-l) + FIL * FAC * {XS(t) - Xf(t-i)} (60) 
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* # ' _l it tit m & m % & ft ffl t ?«j it i£ w it ft : 

(A) DBAND^* *l * - ® it ' ■fcfiit^lif ' X(t) 
>£ Xf(t-3)+#. m Xf(t-3># 1R, ^t. Ml ft Mi ' DBAND T *t & x± 

# *L - $ *P >X % & ^ & »J ft *t ft © ft 4t * #. *L ^ ^ 

m » JkZiLd- ' m (1/3)**2jX* * 4 ' JL A & if ft # 

- ^ m & « © & ift « jfc H& jfc. > Z ^ > «4 a£ & it fir ft 

«j # ' ^ % % m it ft # & t ^ € ' te^^&LN-ftftafc 
']4iii©jk*h4fcftft ° % ~t ' n - ft ft & & H 

(O fil*l # fa yx n. > ■ ft # # * ft <ft £J A ft t ^ 
& tfc. it ° # ^ *i II ft # & -ft - <fc ' 0.5 it # • 

fsum = INT (ABS (f l + f2+f3 + . . ,+fn)) (61) 
( t ft ffl fsum ft & & $L 7F A ) ° 

*k -r 4^ • » *rifLmm8-~s-fF^ m ft *t ft it ft it & » £ a 

« ft 4l *& £ *t & ft ft ' jl it & =r - &. ft • it ft 

# *. -f- f'J Sflfftffltfftft 

a isa^ ft J3 ^ r/f # n - ft ft & it n m ft « * ft 

ft • ft-tSL«W^N-ftftati«t»Tffl^^frftftJ: ' 

# ^ A 3H *< #'J ^ ' ft # ^ «■ ft ft Ad 3ft. m ( £ £ £. r]C + #»J g. 
JL ) T -i? _L # S«J «t *£ o ^ SPA Kg/hrT Bfl * * ft ft ' 5 ^ v 'it X 

*I SPB Kg/hr » ^ J» H2ilC2it IJt ^ , 100^ V 11 ' ffe 
i4 T If i'J SPA Kg/hr ' ^iilOO^^ 
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& * &mnm ( 40 ) 

13 » 4& # jfc 3- » ft ft. If ft A ^ £ ffl ^ *t # A ^ & & 
3" a- 60 €t If A : €1 £. #1 & 3t ^ ft ft ' ft & # • ® ISA 
& ft - ft * 4 J$ * »J H ft ' 4A«f t a^t'hTA 200 
Kg/hr60 * * #c ■ it*i*JffftA##A.&jfcSi&&;t||.# 

FIL=0.5 60 & ^ • ,g ft ft t AO # # ^ fa ifc *JL & ^ £ If ft 

* » ^ - 60 m A & ^ «h e* ^ -f ° m # & $ M- #■ u x 

>b € * +/- 20 Kg/hr ■ it # * FIL=0.1 ' £■ H 18C + A # AO 

<h -?- ° m n i8c t ^ iaati*.»^4&jfc-*^r^'jt60 j p- 
& a *l n -ft ft ' <s * * ^ « a n & t * a ft 60 4± ^ & a 

4L0lf ft » -fc - ft ifc it ft ife *J SPB Kg/hr S# & * 25 ^ • % 
it m ^ & #J »«iftttft#Jbj^itfJrft^^r«ft • m T 

#Mt A ® 1'8C t ^*«lftS ' 0 it St -#- A & ft 4 - . * 

fe^AO^-^jit-f-^ il £ #l & ° 

« T *F El A N - # ft $ j& If *t 2*> ?£. SI 60 M - * 

& afc f£ ' # FIL=0.5 B# » ^Tf A^^N-#f ft E AO AH *t 0 

m 18DtjS*&*-60N-flFftsftflt»©/S ' . * « & A ^ ft 

* E ^ i| - -fa A » SI 1 8D tff * 4l n - # ft ft afc » si M in % 
4£ ft » E3 J> -£ 3 "fill it *t ^4B!S|35ri^(Ep«; Xf(t-3)^ - 
#J Bf 60 ^ 3B ) ° 

ffl l8EiR*N-49 : ftsftifc»>fe*oA'*-* I. 200 Kg/hr ^ M £ 

^ 60 ?i is. » 3^ if m ± x t & a nfc m ^ ^ ^ ^ ft 60 # 
^ » jl n ^ # m si 60 © & * $l # » m ' ' #t ^ * ^ a 



* 
-t 

* 



.JR. 
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a& 6<j © ife & % # a # m o m. & % # 

a n 60 «. it & # ' i # « ^ • * # A. # *. # <& 

ft. # # ifc PID# ^ 4£ M H 60 « « > <s jfc #J H- # ^ f# & 60 
f& it id St H 4& * & >b 60 FIL ' & & ^ N - # ft it at 8 ^ FIL 
60 *t ft r?5 it H jtb R * - # « 3! & * 60 7 Jc ^ *| & > db 
NMPC7 * ' at^#-«-*^^^:P.1« 0 

& ft t 60 -g- ' 1 1 8E #r if ^ ffi £ * ^ N - # -fit & at H 
« * €■ B fl 4l ? K 4<J St * Jfl ° ^ * ' ^Tit^« 
it H £ ' JfeS't'hW Jsta^A^jfe » «fi X & A 1Mfc • ® 18F- 
18H t «t ^ it # " SSL it 60 & m ? A * ' ® 18FIS tf # ?L Ffl £ 
it ^ FACTORS 60 *t 4L * 0 f 'J 1 ^ M it 3* 60 & 3k ( ^ &. & 
M£#l*3A*j£0 > ^ 4t M £ # A K A I ) - Jfc & i& 0 & ft 
?m # ' ft & *fc + £ ' £ ft ft A -& # ^ #t & t * 60 $ «L ft 
ft • 18G ■ + 3? M. fsum^ A * Bfc £ 60 # Hi * JH& ' 

& flt It ft 60 £l i£ ( i% SPB Kg/hr# *fr 60 Jfe. It ft ffl * 

;fl'J <1 60 3 « # & ^ 43 iju « jp- £ » |g 18H t /Vf 7F # . 'ft 
'A ft *h # IS. 2*. St 60 © A . it A if *» FIL*t y afi. • 

^1 f/f ' ifeJl ' 60 to Ok & ^ & A — # ^ £ A t|c ^ $J g| 
ft ffl -21 ft ft 60 ' *f^«A#-|i^rft*ftiiSIiiAj£ 

60 -f H: ' i?n X # ?Ht % m it ft ^L # IR, jg. «t /S 

-l ^ 7jc -f- ft «i »' 60 n ^ t ' * is « a ^ isj # >v f& a 

VF1KGSS = (RO+Rl)/ZiVIFPOLlTEFF 

*b RO + Rl % & * ®t ^_ ± A *P (prepoiy ' 



ZMFPOL1TEFFA -S- 9 60 ^ /t 53 # *t t 60 ^ ^ #J f -jt 
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£. - ( 42 ) 

Jfc > JL VF 1KGSS £ *r *f 60 # ^ ft «gr » 

60 3 #0 £ A. " *T#£jt&&*#ftRl*<rte'fr#ttiift# 
S'l * ft SSL «t £ 3ft « 

S 18I& Rl* 3M it JL ft it it-ft •• - ii ilfc 21 - * & 

n - # *t & at * • h i8j tt n #t ri^l n - # it it- *. b a ^ *o m 

-Kit&W; > & it m 4k it it «t - & ffl it it 6<j ^ 4± #J H- ^ 

^ v at ft * «t «. £ n ° otb & # * ft a *j is ss- * m & ' £ & 
*a & x * # & & *i n • ^ # i ftfliN-4f$fcafc;afcStt*-¥-& 

*J E f i t ' ffiixA45*ft2r«^t*t^^ a Jt 5ft j% - 

* jl » ^ : g**FT4H*'*tW*jtift.ft ' 'fcfe it *fe m • 
ffl 1 8K jfc # ffl if sft jfc » *j |£ jl N - # fit & i* 2* 

& IJEWIit,f » iS^lf t ' & #i 4a * it ^ ' & A *fc 

# £ +/-0.7iL/-fl- 3- ' ^mi-jki&^tXiftLffi&m ° # £ 
60 & • £ * IS 4f ^ t$ > $ & 0 & # £ fr ' * ^ 60 £L $» - 
■fs & * £ ^ ^ & t ^ ^ Ji 60 * m #t it ' & 

ii£W#ttft#fli**t**-N-*fr 5£ ift $L E 60 it fit 60 $f i£ £ 
?*. ift ' ' ■*» # # 60 |5fl M. ft ' fsum 60 # ' -2L # + ^ ^ N 3& 
( *> 3 ) *a i-] A «t it f » *: %L A £. ffl 18H + 60 it St » M T «F & 
4£ 3*J « £ ff 3 48 N (f- A. » JLZ = 42lffl = 
-fe ' ( * ii * fr-I -f- t ^ 200 kg/hr) 0 #- # ffl 19A-19H60 til IS 
^ it £ ^ *t 60 ft it jft ' Hih^tft^Afg-Jtifc«t«W^|tiS. 
*-rpN-#3fciftat»4$*t f i**i£ - 

H 19At£ »fl & & # IK 60 IIT ' N - # ift at » 60 ^ It 
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i - #9H£^ ( 43 ) 

n m & it & sfc it ^ -ft sfc it n - 1 « a# iiq n m & # a ° * 
^ m £ ft > t@£^^t^5i^@i- ' a * # -as-ifr a fr 

3fc a * ife *f # ft" 6<j ft ' tiNiai&lf > -4b II 19B 

m * # - ^^N-ttttaatatftt-fflwii* n h i% -*r ^ ^ 7 jc ^ 



»TfiS-SF-J4.*20^jl*f-; < fc ° « otk 4£ ffl N - 1 m fik S£ * 
fid 5t /& t 44 -fb « 

^ JL > N # tl^I «r «t it T ffl * it *£. # f!| 4 > 5 A ft *T 
#t a ^ » *t ' Jl i: t At -sSL ^ «• & N # Sfc it at B t -ft ffl # 
wd£&#£ft|fc@&> ' H'i -i- flj ft £ ^ & >h 0 -fa ^ > -k* 

x m a£ ' & a *- Jb j€ it * > & <& & -it £ ■ * »r * & n 

& it ° «l9C&19D«^#iM-^5-#*ltsfcifc»ttEfj|# 
4fc ' Q 1 8H t m -ft fh M i'f N - & St ^ IS- A ife # f J4. 
<h ° ^Alt^lftij^ *t 4& .ft #1 it ft £ it - jjr #f 



^ <f ' Itf //rt3i^T^WSf ^ fti JL & 1^ - fti »t ' 
V? -f fsum-J^ ^ 1 Bt ' o& * £ ^ ^ -ft o ^ 19E^ 7F Z = 1 
B# » if ft. 4l N - ^ SI ' ifi E *fe it # 4l 

T ' jBL ^ ta * if ' S 1 SBtf & © A ° it m fflj it tit "/3 t 

^ if Ha z ^f- *tit st- » fei^ a^i 6tj ^ . r a ! -r 

^ ' # ^ if % ^ & ' fl5*ifiLJHja^1tJt^dtflr4t- m 

ilb ' ^ © i+ i,t A ± *l ft jr SSfL ' ^ 1 L 9 F f m ^ # ' * t 
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S~ » ( 44 ) 

2-10 - Z = 4Nf ' m, & A ft a 'ft ' **Ai.^4fe J I L 4t*. 
f£ £ it Sfc <Hi ft & & - 

ft JL » *f 7 ffi X ^ 6$ ft # & & i£ iS *S ^ ft t # m 
^ ^ * - -t^^PftHttfrJ^t » ft -h ft ft #. ifl, * 4ft & +/- 

200 kg/hr f i?j &1 I f 1 1 200 kg/hr • i£ # HJ X ^ ft ^ 4f ^ 4, 
;t *Mt ft # #l 1H. * ' #150 kg/hr 4* f«1If(l tiU 
B# ' ft * ^ ^ S 1 8H + #f ^ ft & - jftt^il^^i^i 
flfl £ * T jH >h ' 3 19Gj® W X # = 100 kg/hr ^ It ■ % 
*b - ft # ffl X # * % m # *] £ ML * & JR.' » *> R 19H i*t *fr 
WII = 400 kg/hr^j JR. & • £ .lb » £& A ft ft *f ft *r 4fe & it 

ft 4 30 ^ > ^^P«:*-- s P-fe*I»«t#*«i^: «fe 6<j ^ ^7 o £ 

H 19G^19H^^t#6^ *h#t(& + f**#-i&fc.*.) ' ft & 
£ Kl X ^ £ ft *t it A > AA^HTftt ' -B- & * & N - # 

* ill afc » tit * t 6tj & it & & • ■ 

_t x at m m & & #. -f- *j n ^ -f- & it ft # ft it n - # ft & 

& E # 5 'J -St m X <ft ^ ^ - tmx > m 7 *f ft it N - flF ft A & 

& g& x ( -fta ;t # ?* ) # * & ^ «; 4^ 4& ^ > 7jc ^ & u n ft 

# .yt . ^itiHtf xit^^4 'It it & *J £ ft -ft a* i§3 ft-] 

dt4 K J: •& % n *S £ # & ffi ft 
N ft ft ifc E ft it ^ 9f ' & it it iK Jtt A St « 4fc % * rfr 
m # ' X.&jk# i± & ft 8. $ ffi 'X & <ft j» # 0 
^ ^ x t t ^ 1 1 f ^ iH i)t W ' -fa M jfe *t #r # 

I 7 f t j:itt^i?uoxifi^t £ » flj ^ ^ # m 

^ # # ^ o 
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I 
3f 
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ZLM H «Hj 7f 
M M A tit : 

m n- & it * 
& m it ^ 

it # & m §§- 
M ^ # 



#t & fr ft » x^^^fb^^^n-t^ 

*Jfc:**£tef*ft^#-#'ft*iLJl»* 
IfiS-ti^-^^t ' & M m it * 

° *#*N»fti*it.*^«<atafci*:*'f*" 

*-&*]»*fr&flfftt6(r#ifcaf^*fc*$# 

ft * 4fc » 



4^5* ) 
« <fc £ 

it * 

Jl *] #J 

fls # A 

Jk. M 
ft ♦ Vfij 



A METHOD FOR CONTROLLING A CHEMICAL 
REACTOR USING A NON-LINEAR PREDICTIVE 
CONTROL AND A NUMERICAL FILTER 
THEREFOR 



A mclliocl for controlling a chemical reactor such as a gas-phase reactor using a non 
linear predictive control includes steps for generating a plurality of signals representing a current 
state of the chemical reactor and reflecting a respective constituent of readmits in tiie chemical 
icaclor. calculating a future stale of the chemical reactor responsive to said plurality. of signals 
and referenced to mass hold-up of the rcaclanls in the chemical reactor, and controlling at least 
one parameter related lo the chemical reactor so as to control the future state of the chemical 
reactor. Spurious control events due to noise in sensor or controller output signals are preferably 
minimized by filtering these signals using a N-sign filler subroutine. 
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1. - # -ft # 4fc 9tj fe*|^-^,4S*J'fb^^^S^* * ' 

& & S. 9 - *T & # It & ft # - # *fc «f£ fR »J Ml! • JL & 

# ft * 6<j i! a = & & j £ ( - a £ *g ) + m *z ( - & 2 ^ ) + 

4b * & A » t ^ A #J 4® J5'J A # ; 

f f HA > if #4b& ft > « 

& *l Hi & # f tt ' « *I Hi 4b ^ JSL M & ft 

& & #L & • 

2. -ft* t tfr 4 #J f& K * l J £ ' 

& *) -fb # & A 21 + W * * ' « * # to # ^ * 21 t & Jfc #1 
tf> ffi £ * A • 

4. *» t * 4 *J £ IS * i ^ * * ' te^N# 
ft >il & It ^ ^ A ft ft * <t ft - *tt#" i!l ft ft -ft 
*|f«flrfttW*7*ftft ' Hf ft ft -ft ft -ft * N fli & at 
*? » # ft a. w it ft 4i # ft #f it £ # $i 8 

5. in t It * *l H B % 4 *jf 4L 2F & • * ttlif Itft' 

T # "■ 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 
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* 

t 
X 

* 

*p 



f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 
fl - SIGN [X(t-2) - Xf(t-3)]*1.0 
fsum = fl+f2 + f3 
. FAC - (ABS (fsum)/3) z 

XS(t) = [X(t) + X(t-l) + X(t-2)]/3 

Xf(t) = Xf(t-I) + FIL*FAC*{XS(t)-Xf(t-l)} ; *t 

x(t) = jyj b# m it # % ; 
Xf(t) = # « # #i ft it -ft ft ; 
n A i£ ££■ ; « A. 
z ^ j£ » 

6. -fc-t ffr* *l |£ K 1 *S # * ' * t M if # ^ « eL & * 

A#i*£fl#ft*a*f##to#iLjiatt*.#.#ijB ' J- « 

7. - * fll # & «. ^ Sty ft M 7T A ft *J ft f & I E * » 
« * eL ^ T JfJ # J® : 

•ft * at <ft s = m ^ ( - * £ ^ ) + & Kg j m ( - 0> ) + 

* £ ( - * £ J £ ) : 

ft & ML M n t ML M *! fl *J J*, ^ » 

# M * £ ^ 3 fl & |t -ft > J. £ # A t£ -ft ft t i& 

# ^ £ -ft ft 6$ ife 1* % • mA&ft M MH ffi, ' jfc 

-ft ft ^ & -i- # 3 fl & it * ; 

# A ^ t% ft St it ft * £ ^ - -ft ft ' -8L«#ftt*.«a 



H 

ft 

3f 
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# -ft at ' vx n m n it # &. m it & m m &} & # & & 

& ^itt # ^ ^ #t t £ ^ - ^ - ® a. & *j i£ 4b ^ m 

.f§ ift £ ^ #L M 0 

8. *» t ft -I- *J & lit % 7 35 * ' * t 44 *-J jfr J» t ft & 
& #J 4b #^ & A » + to ># # ' «^#t^^IHt£l#l 

6$ ffi £ a? >t • 

9. *i t 4 ' #J li IH * 7 J I ^ » *t*fc^b*&A*Jb- 

6<; * A ' « 1* # H # & A * + fl Jt W <L II * A - 

10. -h * n 4 *I H S 7 *I 4l • ^ tt & ifc -ft" Sfe #. # T 
M * -f - *. * '« * ■& * £ £ : 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 

f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 

fl = SIGN [X(t-2) - Xf(t-3)]*1.0 

fsum = fl+f2 + f3 

FAC = (ABS (fsum)/3) z 

XS(t) = [X(t) + X(t-l) + X(t-2)]/3 

Xf(t) = Xf(t-1) + FIL*FAC*{XS(t)-Xf(t-l)} I &t 
X(t) =B#Ma#^#^#-#:^; 
xf(t) - # im at ft id at. # tt ; 

n it it #. ; yX XL 



3- 
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A8 
B8 
C8 
DS 



- A m € n ■ - te 'It it • - A a » * ^^mn^^rtbi* 

*f - 55T # #1 £ 4® # ^ It Sfc t A 4. it- #. ^ ffc ' 1* ^ iir & 

^ T ?'J # « = 

(a) #L it T & if # n m FACTOR** A«f#&iH*fitt : 

FACTORj! - NUN ( I , ABSf XCt) - Xfft-^ ] j 

DBAND 

l-ACTORit-l = MIN ( I , AJ3Sr Xft-n -XiTt-n> 1 ) 

DBAND 

FACTORn-2 = ( 1 , AB Sf X(t-2^ - XfTt-nll ) 

DUAND 

i 

F AC TOR 1 - NUN ( 1 . ABSiX(t-n+l)-Xf(t-n)] } 

DDAND 

(b) *ltT**f*n'«fAJ.##*fc*ttt : 
fn = SIGN [X(t) - Xf(t-3)]*FACTORn 

fn-1 = SIGN [X(t-l) - Xf(t-3)]*FACTORn-l 
fn-2 = SIGN [X(t-2) - Xf(t-3)] *FACTORn-2 

fl = SIGN [X(t-n+l) - Xf(t-3)]*FACTORl 

(c) #l It T A if % fsumJ. m ft £■ ft fit t : 
fsum - ABS (fl+f2 + f3 + .... + fn) 

(d) 4fc&T ^ FACJL^ # i£ -It ft t : 
FAC = ([ABS (fsum)]/n) z 

(e) ^iT 3. if # * f ttXS(t)J.t#>S. I&'lt fit t : 
XS(t)=(aO)X(t)+(al)X(t-l) + .... + (an-l)X (t-(n-l)) ;■ « & 



r " PA 3 0 7 5 B 



AS 
B8 
C8 
D8 



& t ^ m (a)-(f)^, ft T 



(f)4& & T ^ it # Xf(t) JL # # -fe IE, -It tt t 
M H(60) : 

Xf(t) « Xf(t-l) + FIL*FAC*{XS(t) . Xf(t-l)} 
X(t) = M) at ¥j # & $ J*' • 
Xf(t) = ffi b# #j id -ft ft ; 
n A jE. £ & : 
z a jE. it : « a 

1 = aO + al +....+ an-1 9 

12. -ka t ft *'J £ E * 1 1 ^ ^ * ' *tnf ^3 ° 

13. -to t n #1 la 9 # 1 2 ^ ^ * * 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 

f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 

fl - SIGN [X(t-2) - Xf(t-3)]*1.0 

fsum = fl + f2+f3 

FAC - (ABS (fsum)/3) z 

XS(t) = [X(t) + X(t-l) + X(t-2)]/3 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 

14. *u t Ht * *J & ® % 1 * * ' # t n * ^4 JL & t It # 
«(a)-(f)ftftT^J * * & : 

FACTORS = MlNfl, AgS [ X(t)-Xf(t-4) A 
\ DBAND / 

FACTOR 3 = MIN fl, ABS f Xft- Q-Xfft-4) ]\ 
V DBAND / 



FACT0R2 



= MIN \ l, 



abs r xfL-2vxfrt-^n r 

DBAND j 



FACTOR I - MIN fl , AUS f X(l-3[-Xffl-4) }) 

DBAND V 
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* ttt-f^m^ 



f4 = SIGN [X(t) - Xf(t-4)]*FACTOR4 
f3 = SIGN [X(t-l) - Xf(t-4)]*FACTOR3 
f2 = SIGN [X(t-2) - Xf(t-4)]*FACTOR2 
fl = SIGN [X(t-3) - Xf(t-4)]*FACTORl 
fsum - ABS (fl + f2 + f3 + f4) 
FAC = ([ABS (fsum)]/4) z 
XS(t) = [X(t) + X(t-l) + X(t-2) + X(t-3)]/4 
Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 
15. *» t ft 4 *I II 11 1 1 J I ^ # * ' *>nf*5 ' JL (a)-(f) 
9 JW #i *T T * # * • 



PACTOK5 = MIN 



FACTOR4 = MIN 



FACTO R3 - MIN 



FACTOR2 = MIN 



FACTOR I - = MIN 



abs r xm-xra-5^ i ] 

D13AND J 

abs r xrt-ivxfft-5) r 

DDAND 

ADS r Xft-2VXfft-5^ 1 ^ 
DBAND / 

A13S f XfL-3>-Xfft-5> l\ 
DBAND / 

abs r xfL-4vxra-5^ 



DBAND J 
f5 = SIGN [X(t) - Xf(t-5)]*FACTOR5 
f4 = SIGN [X(t-l) - Xf(t-5)]*FACTOR4 
f 3 = SIGN [X(t-2> - Xf(t-5)]*FACTOR3 
f2 = SIGN [X(t-3) - Xf(t-5)]*FACTOR2 
fl = SIGN [X(t-4) - Xf(t-5)J*FACTORl 
fsum = INT (ABS (f 1 +f2+f3 + f4+f5 )) 
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F AC = ([ABS (fsum)]/5) z 

XS(t) = [X(t) + X(t-l) + X(t-2) + X(t-3) + X(t-4)]/5tt 
Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 

± - : M it ft 6<j Jt >A » ' & ^ : 
te^TsMt^n'te FACTORS li 6<j # - & fi : 
FACTORn = MIN 



/ 1 ABsr xrt) - xfrt-n 1 ) i 

V ' DBAND 



FACTOR"- 1 = MIN 



ABsr xa-n - xra-io i 

DBAND 



FACTORn-2 = MIN (I , ABgf Xft-2) - Xf(t-u) )\ 

\ DBAND / 
I , I s 

FACTOR I - MIN (I , AD5 f Xft-n + 1) - Xfft-n) }) 
\ DBAND / 

Ht T A if % n 4® f # $ - 3t £ : 

fn - SIGN [X(t) - Xf(t-n)]*FACTORn 

fn-1 = SIGN [X(t-l) - Xf(t-n)]*FACTORn-l 

fn-2 = SIGN [X(t-2) - Xf(t-n)] *FACTORn-2 

I I I 

fl = SIGN [X(t-n+l) - Xf(t-n)]*FACTORl 
^ & T A It % fsum ^ ^ iL $L S. '■ 

fsum = ABS (fl + f2 + f3 + ....+fn) 
^^T^^t^FAC^j % m%L% '• 

FAC = ([ABS (fsum)]/n) z 

XS(t) = (aO)X(t) + (al)X(t-l) + ....+ (an- 1 )X(t-(n- 1 )) I « 
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«. Hl T * If % ft it X f ( t ) ft % * «. £ (60) : 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • % t : 
X(t) = af HQ b# ft # & & # it ; 
Xf(t) = e# W b# ft it : <iLit% ; 
n A j£- ^ ^ 
Z J&, JE. #t ; 

1 = aO + al + + an- 1 0 

17. *» t # 4 *I la Si * 16^ $k. it id Sfe n ' *tnijM j^- 

2 ° 

;k - at & teftft&teafcsfeg- - £ ^ : 

te&Ts$.*t£n4B FACTORS <t ft $ - 3t £ : 



FACTOR.i = MIN ^1 , ABSf Xft> - Xfft-n) 3 



DJ3AND 



FACTOR.!- 1 = MIN /l , ADSrXft-l)-Xrft-n)j\ 

V DO AND / 

[v\CTOR„-2 = MIN (i , ABSr Xft-2) - Xfft-n> j\ 
\ DBAND / 

FACTOR I = MIN (l , APSf X(L-a-hl) - Xfft-n) V 1 
V DC AND J 



#t & T A if # n « f -fi ft % ~ «. £ : 
fn - SIGN [X(t) - Xf(t-n)]*FACTORn 
fn-1 = SIGN [X(t-l) - Xf(t-n)]*FACTORn-l 
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fn-2 = SIGN [X(t~2) - Xf(t-n)] * F ACTORn-2 

fl - SIGN [X(t-n+l) - Xf(t-n)]*FACTORl 

fsum = INT(ABS (fl+f2 + f3 + .... + fn)) 
& T ^ if £ FAC W?E?ftI : 
FAC - ([ABS (fsum)]/n) 2 
te^T #f f f XS(t)^i % JL&£ = 

XS(t) = (aO)X(t) + (al)X(t-l) +..._.+ (an- 1 )X(t-(n- 1 )) ! « 

«*TAtf*itafcttXf(t)*{i? A «. 1(60) : 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • & + : 

x(t) = Hf w at to *j *k $k » ; 
xf(t) = b# jiq a$ tfy M- at -ft sfc ; 

z it *t *. a 

1 = aO + al +....+ an-1 • 

19. *» t ft 4 *1 l£ n % 1 8 ^ $k & m tit. » ' & t n * * f - 

2 • 



9- 



^«.*AAi4ffitililSMIt* ( CNS ) A4*Ufr ( 210X297-^4 ) 



f gf4 30 7 5 8 





P4 30 75 8 




j| m ®M # jj ^ ft a H 

* 4*^ ft 

H>f>t^ ft CS-^^v *fe 

%C2- ft C2-#^ 



fp4 30 7 5 8 



C2-/PP.SP 



H2/C2-.SP 



[It ffi tt «.PV 



1 



50 



PID 



C2-/PP.PV 



60 



n & #4 s 

ZJZ 



H2/C2-.PV 



1 



70 



PID 



H2 # ^ 



#^7 .SP 



* .PV 







, 80 


PID 

fe^J Si- 










te* 





^P4 30 7 5 B 





1 E$ffl (hr)2 



.9 




1 h# (hr) 2 




■ 10 



1 h# nq fl") 2 



90 1 
t 80- 
1 70- 
60- 
50- 
300- 
Tj 200 : 

100^ 
0 



0 



1 b# m (hr) 2 



P4 30 7 5 8 




-t m M & # & & gjj 

' I ;1 tb^!| » ft C3-,C2-(^§i^) <fe 

%CI If C2-(«&) I£ 



4 30758 




1 ' 



q 

HP ^ 
St 





•33 




* 


o 

1 









" o 

FT 



O 
i 

bo 

n 

i 

. ha 



< ^ 







m 




* 










— + 




C** tO 








4* 





V 



o 





CO 



SS3 



ac 
to to 

n o 

to to 
i 

< 



5^ 



r PA 3 0 7 5 8 




f B4 30 7 5 8 




r"!4 30 7 5 8 




WA 30 7 5 8 




" f A 30 7 5 8 




f f 4 30 7 5 8 



B. 15A 



x 







o 


• ^ — X 




• 






o 


o 


o o— 


- Xf 


• 




# 




I . J 

I 

t-4 


....... 

! 

t-3 

I 


r - 1 

1 ! 

t-2 t-1 

a. 15B 


I 

I 

t 






r® 






• 


n = i J 


1 f3 = 1 


o 






• 




| f2 = -1 




I 

t-4 


I 

t-3 


I I 

t-2 t-1 


I 

t 



r~P4 30 7 5 8 



«. 15C 



o 


• 

o 


• 

o 


]x(t)-Xf(t-1) 

O— *— 


• 






• 



t-4 t-3 i-2 t-1 t 



L 1 5D 




r 114 30 7 5 8 



». 16A 



X 











• 




• 


• 


• 


o 


o 


o 


o 


o 




• 










I 


I 


I 


I 


I 


t-4 
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1. - ft it m # *fc J4 fli 9tj &M$-£.ikW4t&JBLJ&n&i$- * - 
# « *t W 3! £ = *S £ J % ( - A £ *8 ) + ffi ( - * 2 * ) + 

i&Ml j %( — & £ J i ) ; 

4b #^A»^*-fc#.liA*tirft ' -3- & * 
<fb * ^ A H + & A #J 4* *J A # ; 

& *| 4b £ jsl M n t * ^ • «##4b£;s. 

6<j m £ * A. ° 

3. -to t # 4 #1 la H * 2 J I 4i ^ * > * t » 4b £ M % - 
«L # A » • -i- * t '# * ~ # « ft & .4* -W H 4b M H t 

4. t ft -#- Jf£ ® % 1 « 4i ^ >* ' j5.fe-£#«*4fcflN*f 

staftS^^Aiftafc*-** • * 4£ # - ill afc 4* tt #. 

i£ £ ffi it tfi w i£ it %L ' M it ik. it * fa & N -fill it 6*1 
*J & 4* ft A « iil & 41 ft * #F *t * # «I • 

5. in t *J 4e B $ 4 *g 4i ^- » I- t 1 1 ;i f fl? 4k ft - 

t 4i ; m % * '■ 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 



« 

* 
ft 



■T 



1 - 
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f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 

fl = SIGN [X(t-2) - Xf(t-3)]*1.0 

fsum = fl + f2 + f3 
. FAC - (ABS (fsum)/3) z 

XS(t) = [X(t) + X(t-l) + X(t-2)]/3 

Xf(t) - Xf(t-l) + FIL*FAC*{XS(t)-Xf(t-l)} ; & t 
X(t) «!$N|i$ttfr&&#J£ : 

xf(t) = # h # #j 31 sfc -ft ft ; 

Z it ^ » 

7. - m # * ft ffi Sty ft #J # & ft #J 4b ^ A » #f ^ i& > 

& a^ J. ^ — T & # 'It il f - # ^ *t fli »J * S • J. # 

# It *t ^ m 3, = & J I ( - A £ *K ) + *fr ffi J M ( - 4 £ J I) + 

# J: ^ ( - A $ *%) : 

# A ft M. p 3 i* #> ■» *l t& & » «A£.*f-jfc*jE'fSft*y| 

# ^ £ 49 -rr ft 60 at at # % • a.- m. &m.rtm Mit %t » ait 

# A # n $ Sfc it ft t £ ^ - "ft ft ' # «■ ft t * M « 



3f 
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! 4 30 7 5 *^,2 i({ mfL 1 



#J *#^**ti^-^ * 0 A T & M ik \t $ EL M 

8. t tfr * *J 4l HI % 7 J jf ^ 7j Or ' & t *J ^ «P t « A 

& #j \t ^ jsl M si t «r * # ' yXfc#4t&sL&n + zL&m 
to m £ $ jt • 

9. 4a t t£ 4 *'J ft SI *Jf # >* ' * t i* -fb * bl M n % - 

10. t Ht 4 *I ft S * 7 ^ 4l # . £ t t* & >& it & $l Dt T 
?|J ^ f I. * ^ # ^ 1 4 : 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 
f2 - SIGN [X(t-l) - Xf(t-3)]*1.0 
fl = SIGN [X(t-2) - Xf(t-3)]*1.0 
fsum = fl + f2 + f3 
FAC = (ABS (fsum)/3) z 
XS(t) = [X(t) + X(t-l) + X(t-2)]/3 
Xf(t) - Xf(t-1) + FIL*FAC*{XS(t)-Xf(t-l)> + 
X(t) - R$Ml$rt;fe&it&» ; 

xf(t) - b# pjj #j id st -ft % ; 

n Jfe, it 4£ A. » tt -S. 
z it #t ■ 

11. - « & & to ^ m % 6<i it & at & §i • n at & n # m ^ * 
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- s »j ft n • - -I* ■ - £ a 8 * ^^s^^^rfji* 
H - 7? & tt^|fl**tf*tii id ife-ft ^ ■ « ^ * a 

-i- t *i # m ■ 

(a)te & T & if % n ^ FACTORS JL «f # £ iL 'ft fit t : 

FACTOR;* - NUN ( 1 , ABSf XCQ - Xfft-a) | j 

DBAND 

fACTORn- 1 = M1N ( 1 , AJ3SF XA- H - Xiit-rO J j 

D 13 AND 

FACTORn-2 = MLN ( 1 , A£ S[_ X(t-2'l - XffcnV) ) 

D 13 AND 

! 

FACTOIU = NUN ( 1 , ABS!X(t-n+l)-Xf(t-n)] } 

DDAND 

fn = SIGN [X(t) - Xf(t-3)J*FACTORn 

fn-1 = SIGN [X(t-l) - Xf(t-3)]*FACTORn-l 

fn-2 = SIGN [X(t-2) - Xf(t-3)]*FACTORn-2 

fl = SIGN [X(t-n+l) - Xf(t-3)]*FACTORl 

(c) #L $$-T fsum JL ft ft & fc 'ft fit t : 
fsum = ABS (fl+f2 + f3 + ...'.+fn) 

(d) -fc^T A*r # FACJL^ ^ ^ i& 'ft- ft t : 
FAC = ([ABS (fsum)]/n) z 

(e) te&T s*,*r % ftttXS(t)JL# i&'ft fit t : 
XS(t)=(aO)X(t) + (al)X(t-l) + ....+(an-l)X (t-(n-l)) I >-X ^ 
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* 



(f)te tit T ^ if % Xf(t) JL # # -& 4* « + • M-fefcTiZ 
lafe f'J If (60) : 

Xf(t) - Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • & t = 
X(t) = # HQ at % *t 4* s* : 
xf(t) = b# im a# 6<j at & it %i ; 
ni^if f ; 

1 = aO + al + + an- 1 0 

12. -h t ^ 4 #!l £ If % 1 1 * ^ ZT * ' *tnf if3 • 

13. *ptifr-**ll£H# 12*f ii # * ' * + # «.(a)-(f)#4f T 

n m % >* = 

f3 = SIGN [X(t) - Xf(t-3)]*1.0 

f2 = SIGN [X(t-l) - Xf(t-3)]*1.0 

fl - SIGN [X(t-2) - Xf(t-3)]*1.0 

fsum - fl+f2+f3 

F AC = (ABS (fsum)/3) z 

XS(t) = [X(t) + X(t-l) + X(t-2)]/3 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 

14. *» t '# 4- #J l£ B * 1 1 * & ' & * n ^ if 4 JL & t 1* # 
^(a)-(f)#UrT ?'J >W # & • 

FAC'I'OR't « MIN ^1, 



ads r xm-xffnn i 

DBAND 



FACTORJ = MIN fl, ABg £ X(t- [)-Xfft-4) f 
V DBAND j 



FACTO R2 = MIN 



ABS r Xft-2VXfft-4) V 
DBAND j 



FACTOR I - MIN fl , ABS f X(t-3,-Xffl-4) I] 

DBAND J 



M 

ii 
* 

* 

t 

* 
I 
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f4 = SIGN [X(t) - Xf(t-4)]*FACTOR4 
f3 = SIGN [X(t-l) - Xf(t-4)]*FACTOR3 
f2 = SIGN [X(t-2) - Xf(t-4)]*FACTOR2 
fl = SIGN [X(t-3) - Xf(t-4)]*FACTORl 
fsum - ABS (fl+f2 + f3 + f4) 
FAC = ([ABS (fsum)]/4) z 
XS(t) = [X(t) + X(t-l) + X(t-2) + X(t-3)]/4 
Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 
15. ** t if 4 *J & m % 1 1 *f ^ # * ' *>nf#5 ' JL (a)-(f) 
jfr 1$ Ik ft T % * : 



PACTOR5 = MIN 
FACTOR4 = MIN 
FACTOR3 = MIN 

FACTOR2 = MIN 
i- ACTOR I = MIN 



DBAND J 

abs r xrt-ivxfft-5^ r 

DBAND 

abs r xft-2vxfft-y>i ' 

DBAND ) 

abs r X(t-3vxfg-5>f 

DBAND 
ABS f Xft-4VXrft-5^ j \ 



DBAND J 
f5 = SIGN [X(t) - Xf(t-5)]*FACTOR5 
f4 = SIGN [X(t-l) - Xf(t-5)]*FACTOR4 
f3 = SIGN [X(t-2) - Xf(t-5)]*FACTOR3 
f2 = SIGN [X(t-3) - Xf(t-5)]*FACTOR2 
fl = SIGN [X(t-4) - Xf(t-5)]*FACTORl 
fsum = INT (ABS (f 1 +f2 + f3 + f4+f5)) 
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S3 

it - 
f 
J5 

ii 

$ 

I 
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FAC = ([ABS (fsum)]/5) z 

XS(t) = [X(t) + X(t-l) + X(t-2) + X(t-3) + X(t-4)]/5tt A 
Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} • 

^^T^it^n-f® FACTORS <t $ - & X : 
FACTORn = MIN 



f[ ABSf XfO - X fft-nl 1 
\ ' DBAND 



FACTORn- 1 - MIN 



ABsr xct-n - xra-io i 

DBAND 



FACTO Rn-2 = MIN 1 1 , AB$f Xft-2) - Xfft-iQ 1 

\ DBAND , 
\ . 4 

FACTOR I = MIN (l , ABSf Xft-n + Q - Xf(HQ 1 



') 



DBAND 

fn = SIGN [X(t) - Xf(t-n)]*FACTORn 

fn-1 = SIGN [X(t-l) - Xf(t-n)]*FACTORn-l 

fn-2 = SIGN [X(t-2) - Xf(t-n)] *FACTORn-2 

II I 

fl « SIGN [X(t-n+l) - Xf(t-n)]*FACTORl 
4& & T 5$, *t # fsum # iE. & X • 

fsum - ABS (fl+f2 + f3 + ....+fn) 
te.&T 3, if % is? & % : 

FAC = ([ABS (fsum)]/n) z 

XS(t) = (aO)X(t) + (al)X(t-l) +....+ (an- 1 )X(t-(n- 1 )) I « 
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-a. 

ttT ^ It % i£ ifcitXf(t) W # A «. * (60) : 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} ■ & t ■ 
X(t) = ffl Bf 6<J # * * # ft = 
Xf(t) = Bf ffl Bf 6<J & jfc -ft tfe ; ■ 
n iE. ^ f& '» 

it ; a 

1 = a0 + al + ....+ an-1 •> 

17. ****** *| ft H # 16 J ^ * flL ift ifc » ' * * n *. # # 

2 • 

18. - & J£ £ 49 Jjw It fit A. J. ^ ^ A ^ *f M it *fc & * A 
3l - & -A it it W *t -fJL ft at » ' & ^ : 
#.&T3*.*t£nti9 FACTORS it # - «. £ = 



FACTOR,. = MIN , ABSf Xft) - Xfft-n) 1 



DBAND 



FACTOR..- 1 = MIN (\ , ABSf Xft-1) - Xfft-n) l \ 

V D 13 AND J 

[v\CT0Rn-2 = MIN (\ , ABSf Xft-2) - Xfft-n) j\ 

\ DBAND / 

FACTOR I = MIN (\ , AfiSI X('l-n-r f) - Xfft-n) ~j\ 
\ DBAND / 



**T**i-#n«f<t«r|5^.** : 
fn - SIGN [X(t) - Xf(t-n)]*FACTORn 
fn-1 = SIGN [X(t-l) - Xf(t-n)]*FACTORn-l 
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fn-2 = SIGN [X(t-2) - Xf(t-n)] * F ACTORn-2 
fl = SIGN [X(t-n+l) - Xf(t-n)]*FACTORl 

fsum = INT(ABS (fl+f2+f3 + ....+fn)) 
^ Ht T 3*, "if % F AC ft $ w & X : 

FAC - ([ABS (fsum)]/n) 2 
te**T3,*f-#- i l L 4fc<tXS(t)*(r#.S.*.X : 

XS(t) = (aO)X(t) + (al)X(t-l) +....+ (an- 1 )X(t-(n- 1 )) > « 

te#*T**f-#i*ifc0LXf(t)4*i i£X(60) : 

Xf(t) = Xf(t-l) + FIL*FAC*{XS(t) - Xf(t-l)} ' # t : 

x(t) = Hf « w # * * $ ft ; 
Xf(t) = # jiq b# & at & -ft sfc ; 

z 4 jE- *t » ^ 

1 = aO + al +....+ an-1 • 

19. W*fr4*I4S.B*18*iL*t0Li*ifc* ' *tnMf^ 

2 • 
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